Abstract. The gene encoding TATA-binding protein-related factor 2 (TRF2/TLF/TLP/TRP), essential for the progress of spermiogenesis, is abundantly expressed in mammalian testis. A sequence database search revealed that mouse TRF2 is encoded by two mRNAs containing the same proteincoding region and different 5'-untranslated regions. Northern blot analysis using DNA probes specific for the 5'-untranslated regions demonstrated that these two mRNAs are distinguished from each other by the expression patterns: ubiquitous and testis-specific expression. The ubiquitously expressed form of TRF2 mRNA was present at a very low level throughout testicular development, whereas expression of the testis-specific form was first detectable in the 14-day-old testis, and the mRNA level abundantly increased at the later stages of testicular development. Western blot analysis indicated that the TRF2 level increases during testicular development, which is consistent with the expression pattern of the testicular form of TRF2 mRNA. Thus, the presence of the testis-specific form of TRF2 mRNA may account for overexpression of the TRF2 gene in the testis. Key words: TBP-related factor 2 (TRF2), Testis, Spermatogenesis, Gene expression, Germ cell (J. Reprod. Dev. 49: [107][108][109][110][111] 2003) permatogenesis is a specialized differentiation p r o c e s s of m a l e g e r m c e l l s ; d i p l o i d spermatogonia proliferate and divide meiotically to form haploid sperma tids tha t develo p into spermatozoa. The precise regulation of germ cell differentiation requires a controlled program of stage-specific gene expression, which produces a number of sperm (germ cell)-specific proteins.
permatogenesis is a specialized differentiation p r o c e s s of m a l e g e r m c e l l s ; d i p l o i d spermatogonia proliferate and divide meiotically to form haploid sperma tids tha t develo p into spermatozoa. The precise regulation of germ cell differentiation requires a controlled program of stage-specific gene expression, which produces a number of sperm (germ cell)-specific proteins.
TBP-related factor 2 (TRF2/TLF/TLP/TRP) has been considered as a substitutional factor for T A T A -bi n d i n g pr ote i n ( T B P ) in th e b asa l transcriptional machinery of RNA polymerase II. The human and mouse TRF2 genes are abundantly expressed in the testis [1] [2] [3] [4] , and the null mutation o f t he m o us e g ene r es ult s in t h e co m ple te spermiogenic arrest and reduced transcription of a subset of haploid-specific genes [5, 6] . Despite the importance of the specialized function in germ cells, the expression pattern of the TRF2 gene during spermatogenesis is not fully understood.
In this study, we describe that mouse TRF2 is encoded by two mRNAs containing the same protein-coding region and different 5'-untranslated regions, and show the expression patterns of these two mRNAs during mouse spermatogenesis.
Materials and Methods

Polymerase chain reaction (PCR)
DNA fragments (P1, P2, and P3) employed for probes were amplified by PCR using a ddY mouse testis cDNA library as a template [7] . Three sets of oligonucleotides were used as primers ( 
Purification of spermatogenic cells
ddY male mice were obtained from Japan SLC Inc. (Shizuoka, Japan). Purified populations of male germ cells were prepared as described previously [8] .
Northern blot analysis
Total cellular RNAs were extracted from various tissues and spermatogenic cells using ISOGEN (Nippon Gene, Toyama, Japan). The RNA samples were glyoxylated, separated by electrophoresis on 1.2% agarose gels, and transferred onto Hybond-N + nylon membranes (Amersham Biosciences, NJ). The blo ts were probed by 3 2 P-labeled DNA fragments, as described previously [8] . After washing, the blots were exposed to X-ray films (Fiji Photo Film, Tokyo, Japan). To remove poly(A) tails of mR NAs, tota l RNAs were annealed with oligo(dT)15, and digested by RNase H [9] . The RNase H-digested RNA samples were subjected to Northern blot analysis, as described above.
Antibodies
Affinity-purified anti-mouse TRF2 and antihuman TBP antibodies were obtained from Dr. T. Tamura (Chiba University, Japan) and Santa Cruz Biotechnology Inc. (Santa Cruz, CA), respectively.
Western blot analysis
Proteins from various tissues and spermatogenic cells were separated by SDS-polyacrylamide gel electrophoresis (PAGE) and transferred onto I m m o b i l o n -P p o l y v i n y l i d e n e d i f l u o r i d e membranes (Millipore). After blocking with 1% skim milk, the blots were probed by primary antibodies, and then incubated with goat antirabbit IgG horseradish peroxidase conjugate (Jackson ImmunoResearch Laboratories, PA). The immunoreactive protein bands were detected by an ECL Western blotting detection kit (Amersham Biosciences).
Results and Discussion
A computer database search revealed that mouse TR F2 is enco ded by tw o mR NAs (GenBa nk accession numbers AB017697 and BB564319, termed TRF2-s and TRF2-t mRNAs, respectively) containing the same protein-coding region and different 5'-untranslated regions (Fig. 1) , as found in human TRF2 [2] . To examine whether the sequence downstream of EST clone BB564319 is identical to that of TRF2-s mRNA, we carried out PCR using a mouse testis cDNA library as a template (Fig. 1) . The difference between the TRF2-s and TRF2-t mRNA sequences was restricted within the 5'-untranslated region.
We next carried out Northern blot analysis of total RNAs from various mouse tissues, including the testes at different stages after birth, using a DNA fragment (P1) at nucleotide positions 759-1269 in the TRF2-s sequence (Fig. 1) as a probe. TRF2 mRNA with a size of 1.4 kb was abundantly present in the testis, particularly in those at later stages of 18 days after birth, although the mRNA size was found to be 1.5 kb at the 10th, 12th, and 14th day stages (Fig. 2) . A minor signal of 3.4-kb mRNA was also detected in all tissues tested. When DNA fragments (P2 and P3) specific for the TRF2-s and TRF2-t sequences at positions 35-211 and 4-124, respectively, were used as hybridization pro bes , th es e tw o m RN As sho wed dis tinc t expression patterns (Fig. 2) . Expression of 1.5-kb TRF2-s mRNA was ubiquitous in mouse tissues, and the mRNA level remained constant throughout testicular development. TRF2-t mRNA, which was approximately 100 bases smaller in length than TRF2-s mRNA, was present exclusively in the testis. The level of TRF2-t mRNA was negligibly low at the 10th, 12th, and 14th day stages of testicular development, and noticeably increased at the later stages. These results explain the size change of total TRF2 mRNA from 1.5 to 1.4 kb on t he 1 6t h day o f tes tic ular dev elo pm ent, as described above, and suggest that the extremely high level of TRF2 mRNA expression in the testis is ascribed to the presence of TRF2-t mRNA. The expression pattern of total TBP mRNA, a mixture of 2.1-and 2.0-kb mRNAs [3, 10] , was similar to that of total TRF2 mRNA. As expected by the expression pattern during testicular development, 1.5-kb TRF2-s and 1.4-kb TRF2-t mRNAs were both present in pachytene spermatocytes and round spermatids, but absent in elongating spermatids (Fig. 2) . The sizes of these t w o m R N A s i n r ou n d s p e r m a t i d s w e r e approximately 50 bases longer than those in pachytene spermatocytes. Northern blot analysis of total RNAs treated with oligo(dT)15 and RNase H [9] demonstrated that increased sizes of TRF2-s and TRF2-t mRNAs in round spermatids were due to additional elongation of the poly(A) tails.
Western blot analysis of protein extracts from mouse tissues and male germ cells indicated that TRF2 is present abundantly in the testis among the tissues examined, and in pachytene spermatocytes and round spermatids (Fig. 3) . The protein level increased during testicular development, which is consistent with the expression pattern of TRF2-t mRNA. The increment of the TRF2 level during testicular development indicates that testis-specific TRF2-t mRNA is translationally active. Indeed, TRF2-t mRNA in pachytene spermatocytes as well as in round spermatids was functionally associated with polysomes (data not shown). According to the criterion of the temporal appearance of germ cells tissues, including the testes at different stages after birth, were analyzed by Northern blotting using P1, P2, and P3 as probes (see Fig. 1 ). Total RNAs (2 µg) of purified populations of pachytene spermatocytes (P), round spermatids (R), and elongating spermatids (E) with or without the treatment of RNase H in the presence of oligo(dT) 15 were examined to measure the sizes of mRNA poly(A) tails. Expression pattern of the mouse TBP gene was also represented. T, testis; B, brain; Lu, lung; H, heart; L, liver; S, spleen; K, kidney; O, ovary; U, uterus.
in prepuberal mouse testis [11] , the presence of TRF2 at the 10th day stage implies the synthesis of this protein in leptotene spermatocytes. The pattern of TBP accumulation in germ cells during testicular development was essentially similar to that of TRF2 (Fig. 3) . Our data suggest that the presence of testiss p e c i f i c T R F 2 -t m R N A m a y a c c o u n t f or overexpression of the TRF2 gene in the testis (Fig. 2)  [1, 2] . Moreover, the similarity of the expression patterns between TRF2 and TBP (Figs. 2 and 3 ) supports the probability that TRF2 has a unique f un c t io n d i s t i n c t fr o m T B P , an d d o e s n o t compensate for the function of TBP, as suggested by the phenotype of TRF2-deficient mice [5, 6] . Fig. 3 . Accumulation of TRF2 during testicular development and in germ cells. Protein extracts (10 µg) from mouse tissues, including the testes at different stages after birth, and purified populations of pachytene spermatocytes (P), round spermatids (R), and elongating spermatids (E) were separated by SDS-PAGE, and then analyzed by Western blotting using affinity-purified rabbit anti-mouse TRF2 or anti-human TBP antibodies. Asterisks indicate non-specific signals. T, testis; B, brain; L, liver; K, kidney.
